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INTRODUCTION
What is Chronic Myeloid Leukaemia?
Chronic  Myeloid  Leukaemia  (CML)  is  a  clonal, 
myeloproliferative  disease  that  develops  when  a  single, 
pluripotential, haemopoetic stem cell acquires the Philadelphia 
chromosome. CML was the first haematological malignancy 














lineages,  and  may  involve  myeloid,  monocytic,  erythroid, 
megakaryocytic, B-lymphoid and occasionally T-lymphocytic 














may  include  fatigue,  weight  loss,  abdominal fullness, 








is  very  little  evidence  to  support  any  additional  acquired 
















of  different    lengths,  are  produced  and  subsequently 







regulation  of  tyrosine  kinase  activity  is  essential,  and  if 











BCR-ABL  has  several  substrates  and  impacts  on  key 
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the  combination  of  molecular  cloning  and  hybridization 
techniques  to  produce  fluorescence  in  situ  hybridization 





to  complementary  DNA.  FISH  can  be  performed  with 
substrates such as blood, bone marrow, body fluids, tissue 
touch preparation and paraffin embedded fixed tissue9. 

















as  occurring  at  haematologic,  cytogenetic,  or  molecular 
levels11,12. This is illustrated in Figure 3.
Minimal Residual Disease













Parameters Chronic Phase Accelerated Phase Blast Crisis
Median disease duration 3-5 years 6-9 months 3-6 months
       
White blood cell count >50x109/L - -
       
Percentage blast cells 1-15% >15% >30%
       
Haemoglobin normal / slightly low Low very low
       
Platelets normal / high / low high/ low Low
       
Bone marrow Myeloid Hyperplasia ------------------------------------------------------------------------------>
       
Cytogenetics Ph+ Ph+  Ph+
    Secondary Genetic Changes
    additional Ph, isochrome 17q, trisomy 8
    loss of: myc and p53
       
Symptoms fatigue  unexplained fever severe anaemia, bleeding 
  bleeding, purpura Splenomegaly increased infections
  abdominal fullness Hepatomegaly CNS disease
  weight loss bone pain lymphadenopathy
       
Disease Progression Disease Progression©  The Ulster Medical Society, 2007.
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disease  specific.  Additionally,  to  utilise 
results  effectively  good  interlaboratory 
reproducibility  and  standardisation  of 
reporting  is  essential.  Measuring  patient 
response to imatinib may be achieved by 















transcript  showing  comparable  results  when  simultaneous 
analysis  has  been  performed  on  blood  and  bone  marrow 




























Conventionally,  conditioning  treatments  are  necessary 
prior  to  allo-SCT. This  involves  ‘myeloablative’  doses  of 
chemoradiotherapy,  aiming  to  facilitate  engraftment  of 























Interferon  alpha  (INFα),  is  a  glycoprotein,  of  biological 
origin. It displays antiviral and antiproliferative properties. 
INFα  was  the  first  effective  therapy  for  CML. The  drug 

















imatinib  mesylate  (STI  571,  Gleevec  (Glivec),  Novartis, 
Switzerland), approved by the Food and Drug Administration 

















patients  with  newly  diagnosed  CML.  Conventional  drugs 
included recombinant INFα, and low dose cytarabine having 
demonstrated  superior  rates  of  cytogenetic  response  and 
Figure 3 Defining response to treatment and minimal residual disease, for patients diagnosed with chronic phase CML, treated 
with imatinib.©  The Ulster Medical Society, 2007.
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survival than interferon monotherapy. The results of this trial 
concluded that the haematologic and cytogenetic responses 
























Acquired  resistance  to  imatinib  therapy  is  caused  most 
commonly by mutations in the BCR-ABL kinase domain, thus 
preventing imatinib binding sucessfully. A frequent mutation 







resulting  in  a  reduction  in  the 




The  advent  of  imatinib  therapy 
has  added  significantly  to  the 
cohort  of  patients  in  whom  a 
complete  cytogenetic  response 
is  achieved.  It  would  therefore 
be  logical  to  utilize  molecular 










Studies  using  RQ-PCR  have 
shown that an early reduction of BCR-ABL gene transcript 







Branford,  et  al.35,  concluded  from  their  research  that  a 

























Molecular  mutations  can  be  used  to  monitor  treatment 
Fig  4  Comparing  the  mode  of  action  of  BCR-ABL  and  imatinib  in  CML 
pathogenesis.
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response and disease progression. To date 
















no  such  benefit  in  its  subjects  treated  to 
MRD or molecular response, and so cannot 
guarantee  that  it  can  maintain  patients  in 
this  state  indefinitely.  However  with  the 
excellent  response  of  newly  diagnosed 
patients  to  imatinib,  there  has  been  a 
reluctance to consider allo-SCT treatment7. 
It  is  therefore  essential  that  emerging 
resistance  is  recognised  early,  permitting 
timely  consideration  of  transplant  options 
if  appropriate,  before  overt  progression 
of  CML30,35,3,39.  It  would  therefore  be 
prudent  to  set  conservative  targets  for 
therapeutic  achievements  to  facilitate 
prompt reassessment of suboptimal therapy. 




































































































Strategy  two  involved  preparing 
a  compound  with  a  completely 
different  chemical  structure  to 
imatinib.  This  was  based  upon 
a  drug  originally  synthesised  as 
a  primary  Src  family  inhibitor. 
Dasatinib  (developed  by  Bristol-
Myers  Squibb)  was  observed 
to  inhibit  wild  type  BCR-ABL 
and  most  resistant  imatinib 
mutations43.
Src  is  a  non-receptor  tyrosine 
kinase that has a plethora of roles 
in cell signalling including cellular 




signalling  cascades  (Fig  5)50,51. 
The  deregulated  activity  of  Src 




Dasatinib  is  therefore  a  dual  Src/ABL  kinase  inhibitor.  It 
differs from imatinib in a number of ways. Unlike imatinib, 
dasatinib is capable of binding to both the inactive and active 
forms  of  BCR-ABL. Thus,  dasatinib  can  bind  to  a  more 











T315I  mutations.  Dasatinib  demonstrated  complete 
















as  salvage  therapy  in  patients  who  became  refractory  to 
Figure 6   Targets for CML therapy.
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to  or  superior  to  HHT  single  therapy  have  been  shown, 
suggesting improved survival rates compared to HHT alone5-
60. Shortly after such studies imatinib was introduced.  In vitro 
HHT  functions  synergistically  with  imatinib,  to  decrease 
BCR-ABL protein expression. Research has shown imatinib 

















with  reduction  in  any  other  cellular  proteins,  suggesting 
specificity  of  this  treatment.  CML  cell  lines  studies  with 
As2O3 and imatinib have described a synergistic relationship 
between  the  two  drugs,  providing  growth  reduction  and 
induction of apoptosis59,62. 
Other Novel therapies
Proteasome  inhibition  has  been  a  further  area  of  interest 
in  CML  therapy.  The  ubiquitin-proteasome  pathway 









are  treated  with  proteasome  inhibitors;  caspase  activation 




Again,  clinical  studies  in  imatinib  resistant  patients  are 
ongoing in this field59. 
Further examples of a therapeutic target in CML are farnesyl 












Other  novel  agents  have  been  illustrated  on  Fig  6. They 
include  antiangiogenic  agents;  peptide  vaccines;  TNF 
(tumour  necrosis  factor)  related  induction  of  apoptosis; 
DNA  hypomethylation;  antisense  oligonucleotides  and 
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